Wheat breeders have to determine the new cultivars and lines responsive to the environmental changes for grain yield and yield components. Therefore, this study was conducted to evaluate 25 durum wheat (Triticum turgidum spp. durum) genotypes including 12 registered cultivars and 13 advanced breeding lines for their stability grown in three different locations (Tokat-Kazova, Diyarbakir and Sivas-Ulas) of Turkey for two growing seasons (2005-2006 and 2006-2007), and to select genotypes having desirable traits to be used in future durum wheat breeding program. Field trials were conducted in a randomized complete block design with three replications at each location. Days to heading, plant height, number of spikes per square meter, number of kernels per spike, spike weight, 1000 kernel weight and grain yield of the genotypes were evaluated in each location. The regression coefficient (b i ) of Finlay and Wilkinson (1963) and mean square of deviation from regression (S 2 d ) of Eberhart and Russell (1966) were used as the stability parameters. The results of combined analysis of variance showed a strong influence of the locations on plant height, number of spikes per square meter, number of kernels per spike, spike weight, 1000 kernel weight and grain yield. Genotypic effects were mainly observed for spike length and test weight.
INTRODUCTION
Durum wheat (Triticum turgidum spp. durum) has a great economic value due to its importance for human diet. However, durum wheat is a crop adapted to marginal *Corresponding author. E-mail: m_sakin@hotmail.com. Tel: 90-356-2521480/2123. Fax: 90-356-2521488. lands. Sowing area of durum wheat in the world is 13.7 million ha which constitutes 6% of the total wheat sowing area (USDA, 2009 ).
According to Turkish Statistical Institute (2009), durum wheat production of Turkey is 3.7 million tons/year out of 1.3 million ha of land that meets 9.5% of world durum wheat production (USDA, 2009) . Ecological conditions of Turkey is appropriate for durum wheat production. Though, Turkey imports considerable amount of durum wheat. Because, quality traits of durum wheat grown in Turkey are inadequate.
Wheat producers in Turkey are quite reluctant in appreciation of new wheat varieties due to the assumption that new varieties are vulnerable to the environmental changes. In the development of new durum wheat cultivars, effects of climate and soil properties on grain yield are of great importance. Therefore, wheat breeders should try to select lines responsive to diverse environments for better grain yield and yield components. Rharrabti et al. (2003) reported that, yield and quality of durum wheat is strongly influenced by the environmental factors in the Mediterranean countries. In general, stability parameters are employed to figure out the adaptation behavior of genotypes in diverse environmental conditions. Stability is defined as the early prediction of environmental impacts on genotypes performances (Kafa and Kirtok, 1991) . Most of the models used in the stability studies are based heavily on the assumption that a positive linear correlation exists between the improved growing conditions and performances of genotypes. Many researchers thus, acknowledged that regression coefficients could be used as stability parameters for genotypes (Finlay and Wilkinson, 1963; Eberhart and Russell, 1966) .
Multivariate analysis methods are also useful tool to asses stability (Lin et al., 1986) and can be used to identify groups with desirable traits for breeding. Cluster method is an analysis (CA) that used dendrograms to display how various genotypes were differentiated. Diversity of tetraploid wheat germplasm grouped by CA and principal component analyses (PCA) explained the variation among genotypes (Anjum et al., 2002; Hailu et al., 2006; Skrbic and Onjia, 2007) .
Most studies on durum wheat have focused on stability characteristics of genotypes for grain yield (Aycicek and Yurur, 1993; Korkut and Baser, 1995; Korkut and Biesantz, 1995; Yalvac et al., 1999; Budak and Yildirim, 2001; Ozberk and Ozberk, 2002; Kilic and Yagbasanlar, 2003; Kilic et al., 2005; Ozberk et al., 2004; Akcura et al., 2005; Akcura et al., 2006) . However, the research on the stability characteristics as well as identification genotypes and determination desirable traits for breeding by using multivariate analysis methods are rather limited. Therefore, the objective of this study was to evaluate 25 durum wheat (T. turgidum spp. durum) genotypes including 12 registered cultivars and 13 advanced breeding lines for their stability grown in three locations (Tokat-Kazova, Diyarbakir and Sivas-Ulas) of Turkey for two growing seasons (2005 to 2006 and 2006 to 2007) and to select genotypes having desirable traits to be used in future durum wheat breeding program.
MATERIALS AND METHODS
Twenty five durum wheat genotypes, including 12 registered cultivars and 13 advanced breeding lines, were used as plant material in this study. Nine of the registered cultivars (Aydin-93, Firat-93, Gediz-75, Harran-95, Kiziltan-91, Zenit, Altintoprak, Mirzabey and Cesit-1252) are widely grown in different regions of Turkey, whereas three cultivars (Cham 1, Waha and Gidara) are internationally established cultivars. Eight lines (Line 1, Line 4, Line 5, Line 7, Line 11, Line 19, Line 20 and Line 24) of the 13 advanced breeding lines were obtained from ICARDA (International Center of Agricultural Research in Dry Areas), three mutant lines (Line-Gdem-2-1, Line-Gdem-2 and Line-Gdem-12) from Gaziosmanpasa University and two lines (Line-286, Line-299) from Dicle University. The advanced breeding lines originated from ICARDA were previously determined to be high yielding and resistant to common wheat diseases (Sakin et al., 2004 (Sakin et al., , 2005 .
The trials were conducted during 2005 to 2006 and 2006 to 2007 growing seasons in three different locations: Tokat-Kazova, Diyarbakir, Sivas-Ulas. Location descriptions and agronomic details are given in Table 1 . The average monthly temperatures in the first and second trial years were 10. 8 and 11.1°C in Tokat, 13.7 and 12.2°C in Diyarbakir, 8.2 and 6.9°C in Sivas, respectively. At each experimental location, all genotypes were sown according to completely randomized block design with three replications (Duzgunes et al., 1987) . Wheat was sown in the autumn at a sowing density of 450 plants per square meter. Each experimental plot was consisted of 6 rows, 5 m each in length. Sowings were performed by machines. All of the P fertilizer and half of the N fertilizer were applied at sowing, while the rest of the N fertilizer was applied at the Zadok's growth stage 25.
Collected data were subjected to the analysis of variance (ANOVA) using MSTATC software upon combining the growing years by respective locations (Duzgunes et al., 1987) . Relative magnitude of year, location and genotype and their interactions attributed to total sum of squares were calculated as percentage (Akcura et al., 2006) . Stability analysis were performed whenever the genotype x environment interactions for grain yield were determined as statistically significant (P < 0.01). The regression coefficient (bi) (Finlay and Wilkinson, 1963) and mean square of deviation from regression (S 2 d) (Eberhart and Russell, 1966) values were used as the stability parameters. Wheat genotype demonstrating a higher value than the overall mean with a bi value of 1 or close to 1 and an S 2 d value of 0 or close to 0 in grain yield was judged as a stable genotype. Additionally, graphical adaptation classifications, developed by Finlay and Wilkinson (1963) using the overall mean and bi value, were employed for the assessment of stability parameters for grain yield of wheat genotypes. Overall mean and confidence intervals for the regression line (b = 1) were calculated by the following formula: Confidence interval = X ± t.S X . ( X : overall mean, t: t-test, S X : standard error). Cluster analysis procedure was carried out to establish dendrograms using the Ward's method as an amalgamation rule and squared Euclidean distance as a measure of proximity between the genotypes (Ozdemir, 2002) . The computations were performed using the SPSS software (Version 11.5). Principle component analysis (PCA) was performed (Canoco for windows software) in order to figure out the grouping of genotypes according to yield and yield components.
RESULTS AND DISCUSSION
The results of variance analysis for days to heading, plant height, number of spikes per square meter, spike length, number of kernels per spike, spike weight, 1000 kernel weight, test weight and grain yield are given in Table 2 . Effects of locations and years on investigated traits were statistically significant (P < 0.01), except for year effects on spike weight and test weight. Differences among the genotypes were significant for all investigated traits. Genotype x environment interactions were found to be significant for all investigated traits except for number of spikes per square meter (Table 2 ). The results of the combined analysis of variance (Table 2) showed a strong influence of the locations on plant height, number of spikes per square meter, number of kernels per spike, spike weight, 1000 kernel weight and grain yield. Genotypic effects were mainly observed for spike length and test weight.
Year had strong impact only on the days to heading. Gradual changes in yield and yield components were determined by the genotype and also by the environment (Moragues et al., 2006) . Two years averaged values of yield components and grain yield of genotypes are given in Table 3 . Days to heading, plant height, number of spikes per square meter, 1000 kernel weight and grain yield decreased in the second year under poor rainfall conditions of all locations (Table 1) . The averaged spike length and number of kernels per spike were higher in the second year than those in the first year.
Two years averaged values of yield components and grain yield for Tokat, Diyarbakir and Sivas-Ulas locations are given in Table 3 . Sivas location had the lowest averaged values for all investigated traits except for days to heading. The reason of upper grain yield at Sivas-Ulas could be also short period of dry matter production and nutrition conditions. Rharrabti et al. (2003) reported that, the drought stress negatively effects on starch accumulation in grain leading to low yield. Diyarbakir favored higher values of plant height, number of spikes per square meter, number of kernels per spike, spike weight, grain yield, but had less days to heading (Table 3 ). Days to heading was the most important trait in the explaining variations in grain yield, since reflecting the stress conditions in locations (Loss and Siddique, 1994) . In Tokat, genotypes had the higher values of spike length, 1000 kernel weight and test weight (Table 3) . Diyarbakir location which had higher average rains and temperatures in the experimental years (Table 1) resulted to better ecological conditions for durum wheat cultivation when compared with that of Tokat and Sivas locations. Tillering and number of spikes per square meter were favored by high water supply . Grain yield of the genotypes ranged from 2772 to 3855 kg ha -1 with a mean value of 3521 kg ha -1 (Table 3 ). The highest grain yield was obtained from Line 299, whereas the lowest grain yield was obtained from Line-Gdem-2-1. The location was the most important factor affecting the grain yield (Table 2 ). The analysis indicated that, 83.2% of the total sum of squares was attributable to location. Grain yield was influenced both by genotype and by environment (Akcura et al., 2005; Fufa et al., 2005) .
Because the GE interaction was significant for grain yield, stability analyses were performed by using linear regression techniques. The stability parameters, determined by the regression coefficient (b i ) of Finlay and Wilkinson (1963) and mean square of deviation from regression (S 2 d ) of Eberhart and Russell (1966) were presented in Table 4 and the adaptation classifications, determined by Finlay and Wilkinson (1963) , were depicted in Figure 1 . Regression coefficients ranged from 0.82 to 1.20 for grain yield. This variation indicates differences in responses to environmental changes. Line 4 and cultivar Gidara can be considered as judged by their b i values (Table 4 ) and adaptation classifications (Figure 1) , whereas line 5 can only be considered stable by the S 2 d value ( Table 4 ). Other genotypes were not stable indicated by the employed stability parameters (b i and S 2 d ) for grain yield. Stability parameters of Line 286, Line 19, Line-Gdem-2-1, Line-Gdem-12, cultivar Gediz-75 and Zenith were less than unit (b i = 1.0) and had low grain yield. Therefore, these genotypes were considered to be adapted to poor environments. Regression coefficients of Line 1, Kiziltan 91 and Mirzabey were less than unit (b i = Figure 1 . Adaptation classifications of durum wheat genotypes in regard to grain yield. Table 5 . Cluster analysis classification in regard to yield components and grain yield of durum wheat genotypes grown at three locations in two growing seasons.
Group 1
Group 2 Group 3 Group 4 (10) Line-5
(1) Line-4 (6) Line-7 (21) Line-Gdem-2 (12) Aydin-93 (8) Line-299 (16) Altintoprak (22) Line-Gdem-12 (4) Line-1 (9) Line-20 (5) Line-286 (24) Mirzabey (2) Line-11 (15) Harran-95 (14) Firat-93 (25) Cesit-1252 (3) Line-24 (7) Line-19 (20) Line-Gdem-2-1 (18) Waha (13) Zenith (19) Gidara (11) Gediz-75 (17) Cham-1 (23) Kiziltan-91 1.0), however, they had higher grain yield. Thus, these genotypes could be considered as progenitors in breeding programs for high grain yield. Since the grain yield of Line 11, Line 7, Line 299, Line 20, Aydin 93, Firat 93, Harran 95, Altintoprak, Cham 1, Cesit 1252 had higher grain yields over the mean yield and had high b i values (b i >1.0). Hence, they are expected to have high yield under favorable conditions. The classifications by cluster analysis are listed in Table 5 and Figure 2 . The cluster analysis on the basis of means for nine traits indicated that, genotypes formed two main clusters with four groups. The groups 1, 2 and 3 are located in the first cluster, whereas the group 4 in the second cluster. The majority of the genotypes are placed in the first cluster. Ozcan et al. (2005) reported that, mean square of deviation from regression (S 2 d ) is the major factor directing the formation of clusters. The genotypes (Line 5 (10), Aydin 93 (12), Line 1 (4), Line 11 (2), Line 24 (3), Waha (18), Gidara (19), Cham 1 (17), Kiziltan 91 (23)) located in group 1 were stable genotypes and shown medium level of performances for the grain yield. The genotypes (Line-Gdem-2 (21), Line-Gdem-12 (22), Mirzabey (24), Cesit-1252 (25) and Line-Gdem-2-1 (20)) located in the second cluster generally exhibited more days to heading, higher plant height, longer spike, more number of kernels per spike, higher spike weight, but lower test weight values. The genotypes in the second cluster displayed larger S 2 d values. Line 5 (10) and cultivar Gidara (19) were both stable in yield ability (Table 4, Figure 1 ) and also appeared in the stable group based on the cluster analysis (Table 5, Figure 2 ).
In addition, Line 5 (10), Line 1 (4), Line 11 (2) and Line 24 (3) were grouped together with standard cultivars Cham 1 (17), Waha (18) and Gidara (19) located in the inferior class (Table 5, Figure 2 ). Mutant lines namely Gdem -2-1 (20), and were in different group from their mother cultivar . The reason that the variation was obtained by mutation.
Principal component analysis (PCA) was performed to obtain more reliable information on how to identify groups of genotypes that have desirable yield traits for breeding. In the first principal components days to heading, number of spikes per square meter and spike length were the most important traits contributing to variation that obtained about 44.3%. The PC1 axis explained most of the variation observed in genotypes (Table 6) , and thus, PC1 sco-res could effectively represent the genotype effect (Yan et al., 2001; Egesi et al., 2007) . The days to heading, number of spikes per square meter and spike length could be adequate to introduce the differences among genotypes. In the second principal component, obtained variation of about 24.4% of was caused mainly by grain yield (Table 6 ). Grain yield is a complex plant trait and a function of several other traits (Fufa et al., 2005) . Thousand kernel weight (TKW) constituted a large part of the total variation (12.4%) explained by the third principal component (Table 6 ). In addition, Figure 3 show that there was a positive relationship between yield and number of spikes per square meter together test weight, whereas days to heading and spike length were negatively correlated to grain yield. Moragues et al. (2006) used PCA to explain the variation and reported that grain yield was positively correlated to TKW, fertile tillering, the number of spikes per square meter and the duration of grain filling period of durum wheat genotypes. In another study, the first three PCs explained 72% of the all variations from the durum wheat cultivars and selected lines and it was reported that, the first PC was related to the difference between grain yield and plant height (Akar et al., 2009) . When analyzed (Figure 3 ), genotypes of Line 1 (4), Line 5 (10) and Aydin 93 (12) had high or low values (Table 3) with respect to number of spikes square meter, days to heading, spike length and grain yield traits that contributed to variation in first and the second components. PCA allowed comparative evaluation of genotypes for yield components and grain yield and helped identify genotypes that were desirable relative to several traits.
Conclusions
The results of this study indicated that, strong influence of environmental conditions on days to heading, plant height, number of spikes per square meter, number of kernels per spike, spike weight, 1000 kernel weight and grain yield. Genotypic effects were mainly observed for spike length and test weight. Diyarbakir location which had higher average rains and temperatures in the experimental years resulted better ecological conditions for durum wheat cultivation when compared with that of Tokat and Sivas locations. The highest grain yield was obtained from Line 299, whereas the lowest grain yield was obtained from Line-Gdem-2-1. Line-4 and cultivar Gidara can be considered as judged by their b i values and adaptation classifications, whereas genotype line 5 can only be considered stable by the S 2 d value. Line 5 and cultivar Gidara were both stable in yield ability and also appeared in the stable group based on the cluster analysis. In the first principal component days to heading, number of spikes per square meter and spike length were the most important traits contributing to variation that obtained about 44.3%. There was a positive relationship between grain yield and number of spikes per square meter together test weight, whereas days to heading and spike length were negatively correlated to grain yield. The re-sults of this study also imply that Line 5 and cultivar Gidara among genotypes were the most stable cultivars and can be used as breeding materials. The days to heading, number of spikes per square meter and spike length could be adequate to introduce the differences among genotypes.
Abbreviations TKW, Thousand kernel weight; PCA, principal component analysis.
